An index of body condition was calculated as the residual from the regression of the cubed root of body mass against the first principle component score of a principle component analysis of six external measurements, which was represented as total body size. This index was called the residual body condition index, or RBCI. To evaluate the utility of the RBCI in studies of Leach's Storm-petrels (Oceanodroma leucorhoa), the RBCI was compared to measurements of total lipid mass. Total lipid content was extracted using ethyl-ether after birds had been killed under anesthesia. The RBCI explained 57.4 % of the variation of the cubed root of total lipid mass. We could thus reasonably estimate the body condition of the parents breeding under natural conditions by measuring their body mass and external measurements.
The extent of fat reserves is one of the most important factors that determines the reproductive output of birds (Chastel et al. 1995 , Erikstad et al. 1997 , Tveraa et al. 1998 , making measurement of the lipid reserves of live birds highly desirable for ecological studies (Brown 1996) . Recently, many investigators have used an index of body condition calculated from body mass and external measurements (e.g. head, wing, and tarsus length), in studies of a wide range of avian species (e.g. Bortolotti & Iko 1992 , Chastel et al. 1995 , Takahashi et al. 1999 . In this index, the total body size of individual birds is presumed to be represented by a first principal component score (PCI score) of a principal component analysis of several external measurements. Furthermore, the lipid mass of individual birds is presumed to be equivalent to the residual from the regression line of body mass against the PC1 score (called the resid-ual body condition index or RBCI). The first assumption relating to the index, has been widely verified already (see Freeman & Jackson 1990 ). The second assumption has not so far been examined, because validating it requires sacrificing birds and the process of lipid extraction from specimens using solvents is time consuming.
Leach's Storm-petrels (Oceanodroma leucorhoa) are among the smallest nocturnal Procellariiformes.
Their body mass is highly variable in relation to breeding status. In this paper, we described the utility of the RBCI for the study of breeding Stormpetrels. 1993 -1994 (Niizuma 1995 . A total of 60 birds were trapped and killed under total anesthesia with the permission of the Minister of the Environment (permission No. 123). The birds were captured in their nest burrows while they were engaged in incubating eggs or provisioning offspring with food. Thirty-eight of the 60 birds were killed immediately on capture. Nine incubating birds, and 13 birds rearing chicks, were killed after completion of a three day experimental fast. In order to examine their physiological adaptation to fasting during incubation, these birds were kept in a small dark box without food for three days. In the wild, Storm-petrels regularly fast for three days during incubation, but they do not fast during the chick-rearing period. To allow comparison with incubating birds, birds rearing chicks were forced to fast. Nine incubating and 38 killed birds were defined as normally fasting birds and 13 birds rearing chicks were defined as forced fasting birds. All specimens were weighed and then stored at -20* until body composition analysis .
MATERIAL AND METHODS

1) Specimens
2) External measurements
External measurements were made after frozen specimens had been thawed. Wing length was measured to the nearest 1 mm using a stopped ruler, and maximum tail length, minimum tail length, culmen length, bill depth, and tarsus length were all measured to the nearest 0.05 mm using vernier calipers (see Niizuma et al. 1998 for details).
3) Body compositions
Each frozen specimen was thawed, then and weighed both before and after plucking. Feather mass was defined as the difference between the two weights. The contents of the digestive tracts were removed. Body mass (BM) was defined as the mass of a bird after removal of all ingesta. Carcass mass was defined as body mass minus feathers. For body composition analysis, defeathered carcasses were minced then airdried to a constant mass at 60* for 36 hours. Water content was defined as the difference between the original mass and the final mass of the samples. Ash was weighed after combustion in a muffle furnace at 600 * for three hours. Total lipid content was extracted using ethyl-ether in an ex-fat apparatus (Laboman GENECO, Nippon General Co., Ltd.). Protein mass was calculated by subtracting the lipid and ash masses from the dry mass. Carbohydrate content was not analyzed in this study because it represents less than 1% of body mass (Schmidt-Nielsen 1990). (Freeman & Jackson 1990 ) and PC1 scores were calculated for each sample. Masses were transformed to cubed roots (Mass1/3) to give the PC1 scores equivalent dimensions. BM1/3 was regressed upon the PC1 score in order to calculate the residual, which was RBCI.
RBCI was compared to total lipid mass1/3 by using linear regression. Differences between means were tested using Student's t-test.
RESULTS AND DISCUSSION
1) Body composition in normal and forced fasting birds
Body and carcass masses were significantly greater in naturally fasting birds than in forced fasting birds (Table  1) . Feather mass did not differ significantly between the two groups. Water, protein, and lipid masses were significantly greater in the naturally fasting birds than in forced fasting ones, however, there was no difference in ash mass between the two groups.
The loss of both lipid and protein by the forced fasting birds indicates that it is meaningless to estimate body conditions using lipid stores alone due to changes in fasting phases because the physiological character of a bird changes over the course of a fast (Cherel et al. 1988 ). Birds use carbohydrates and lipids as metabolic fuels in the early phases of fasting (regular fasting phase), but use protein in the later phase (critical fasting phase) once most lipids have been exhausted.
The birds forced to fast only had 31.3% of the lipid, 74.3% of the water, 82.7% of the protein, and 95.0% of the ash content of the normally fasting birds. Thus, over the course of the experimental fast, the birds consumed lipid, water, and protein, while they did not use ash as metabolic fuels. Lipid and protein are both used as metabolic fuels, while water is lost during consumption of lipid reserves and also by evaporation and respiration (Cherel et al. 1993 ).
These results indicate that the birds forced to fast enter the critical fasting phase (Cherel et al. 1988) . In contrast, the normal fasting birds had an average of 3.86 g of lipid. This is equivalent to 3.2 days of metabolic fuels since incubating Storm-petrels consume 1.2 g lipid per day while in their nesting burrows (Niizuma et al. 1999) . It is known that parental birds abandon breeding if they reach the critical fasting phase (Ancel et al. 1997 , Ancel et al. 1998 breeding under natural conditions would always be in the regular fasting phase and such birds store some lipid reserves (Cherel et al. 1988 ).
Thus, an estimate of the mass of the lipid reserves of birds in the regular fasting phases would be a fair index of body condition, whereas the lipid reserves of birds in the critical fasting phase would be overestimated because these reserves are used (Massemin et al. 1997) .
2) Validity of the residual body condition index The residual body condition index was validated only for normally fasting Stormpetrels. The first principal component explained 31.5% of the variance in the entire data set of external measurements.
The first principal component had a loading on each of the independent variables, ranging from 0.224 to 0.860 (Table 2 ). There was no difference in PC1 scores between the normal (0.03±1.40) and forced fasting birds (-0.11 ±1.40, t58=0.31, n.s.), indicating that body size was similar between the two groups.
There was a significant correlation between the PC1 score and ash mass1/3 in the normally fasting birds (ash mass1/3-I.16+ 0.02 x PC1 score, r2 =0.30, F1.45 =19.13, p <0.0001, Fig. 1 ), indicating that the PC1 score can be used to represent the total body size of individual birds. When BM1/3 was plotted against PC1 score, and the regression line fitted, the RBCI could be obtained from the regression line (r2=0.002, F 1. 45=0.11, ns., Fig. 2 ). Total lipid mass1/3 was significantly dependent on the RBCI (total lipid mass1/3=1.53+1.39*RBCI, r2=0.57, F 1. 45=60.65, p <0.0001, Fig. 3) .
The body size of a vertebrate is dependent to some extent on its skeletal structure. Calcium is important constituent of the skeleton and about 99 % of total body calcium is found in the skeleton (McDonald et al. 1995) . The significant correlation between the cubed root of the ash mass and the PC1 score, indicates that total body size can be represented by the PC1 score (Freeman & Jackson 1990) . While fasting, birds lose body mass mainly by consuming lipid and water as shown in this and in previous studies (e.g. Cherel et al. 1988 ). However, the skeletal structure does not vary during fasting, thus the RBCI is equivalent to the lipid reserves (Fig. 3) . In conclusion, RBCI is a reliable index for estimating total lipid mass of birds breeding under natural condition with minimum disturbance.
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